The knowledge of risk factors associated with the development of osteoporosis (OP) is vital in the prevention strategy of this disease and its physical and economic consequences. The epidemiological characteristics of our population of postmenopausal women exhibit a pattern similar to that described in other studies, showing a proportional relationship between the magnitude of the risk factor and the severity of osteopenia/osteoporosis. Moreover, we observed protective effects for several dietary factors, such as the consumption of fruits, vegetables, and cereals; the moderate consumption of fish, alcohol, and dairy products; and the low intake of red meat, on spinal bone mineral density (BMD). Only the intake of grains and vegetables exerted protective effects on hip BMD.
INTRODUCTION
Osteoporosis fractures and bone mass loss are important health care problems affecting the majority of elderly individuals in developed countries. The knowledge of risk factors associated with the development of osteoporosis (OP) is vital in the prevention strategy of this disease and its physical and economic consequences. However, diagnostic modalities and factors which identified in the epidemiology of OP have not succeeded in identifying all patients who are in danger of presenting with a fracture due to fragility [1] .
Some of the risk factors that have been described for osteoporosis, such as age, sex, and race, are intrinsic and therefore cannot be changed; others, such as diet, lifestyle, situations that increase the risk of falls, or the consumption of certain drugs, are extrinsic and can be modified. Moreover, the evaluation of several risk factors may be as important as the value of bone density screening [2] .
In recent years, there has been significant interest in the influence of diet on bone metabolism. Several studies have shown that alkaline diets (high in magnesium, potassium, fruit, and vegetables) improve bone mineral density (BMD) and prevent the loss of bone mass compared with acidic diets (protein) [3] .
The aim of this study was to describe the epidemiological characteristics of a population of postmenopausal women with osteopenia or osteoporosis in our environment and to determine whether specific dietary factors are present. Furthermore, we intended to differentiate women with low BMD in cortical bone (spine) from those who have low BMD in trabecular bone (hip) to determine whether these dietary influences have greater effects on specific types of bone.
MATERIALS AND METHODS
The study population consisted of 1980 postmenopausal Spanish women (post-hysterectomy or after one year without menstruation) who consulted a gynaecologist for advice about bone health. All participants received written information about the objective of the study and gave written consent to participate.
The clinical data were obtained using a structured questionnaire that was developed in consensus by the clinical investigators involved in the study. This questionnaire collects specific information about known risk factors for OP as well as other factors considered in our study. This project was approved by the ethics committees of each hospital involved in the study.
Patients who were premenopausal, did not complete the questionnaire completely, who were receiving any type of treatment for OP at the time of the study, or for whom bone absorptiometry or genetic information was not available were excluded. BMD data were obtained from participants using double energy x-ray densitometers using a Hologic QDR 1000/W instrument in 72.6% of cases and a Norland densitometer in the remainder of cases. To solve the problem of obtaining data through two different measurement systems, the value of the T score was used for statistical calculations, with T scores greater than −1.0 SD considered normal, values between −1.0 SD and −2.5 SD considered indicative of osteopenia, and values less than −2.5 SD considered indicative of OP. BMD data (gr/cm 2 ) were also obtained using the total value of the lumbar spine (L2 through L4) as a reference for the measurement of spongy BMD and using the value of the femoral neck as a reference for the cortical BMD of the femur.
Statistical Analysis
A descriptive study and a bivariate analysis of the data were performed using the statistical program SPSS 15.0. For dichotomous variables, the Chi-square test was corrected through the Yates test when the percentage of cells with an expected frequency less than 5 was 20% or less. If these conditions were not met, then the correction was made using the Fisher test. Qualitative variables with more than two categories were compared with the Chi-square test, and correction by grouping categories was attempted if more than 20% of cells had an expected frequency less than five.
When the independent variables were numerical, their normality was first tested with the Kolmogorov-Smirnov contrast; then, the Student's t-test or the Mann Whitney U-test was subsequently applied, depending on whether the variable was distributed normally or not, respectively.
RESULTS
The study included 450 postmenopausal women in the osteoporosis group, 766 women in the osteopenia group, and 479 women in the control group. The demographic characteristics of the population are given in Tables 1  and 2 . Women with lower weight and height exhibited lower BMD, both in the lumbar spine and in the hip. The age of menarche and age of menopause were collected to delimit the period of estrogenic activity. Later menarche and earlier menopause were observed in the group of women with the most advanced osteoporosis. Consistent with this finding, there were significantly more cases of praecox menopause (occurring before 40 years of age) among patients with osteoporosis. There were no statistically significant correlations between any of the parameters and hip BMD due to the small sample size.
With regard to extrinsic factors (i.e., diet, exercise, and other habits) related to the development of osteoporosis in women, our study found a direct relationship between tobacco consumption and BMD and an inverse relationship between moderate alcohol consumption and lumbar spine BMD. We define as "moderate alcohol consumer" the women who drink one to four glasses of wine or beer a week. These associations were not detected in the femoral neck. Neither physical exercise nor fat distribution was associated with different BMDs (Tables 3 and 4). There was a direct correlation between the consumption of vegetables, fruit, dairy, cereals, and fish with BMD in the spine. However, only the consumption of vegetables and cereals was correlated with BMD in the femoral neck, and the remaining variables were not significantly associated with BMD. Again, due to the smaller sample size available for the analysis of hipbone density, the differences between osteoporosis, osteopenia, and normal BMD exhibited trends but did not achieve statistical significance; in the larger set of lumbar spine data, these differences became significant. Strikingly, lower BMD was correlated with the consumption of red meat, and increased BMD was associated with the consumption of fruit, vegetables, cereals, dairy, or fish (Tables 5 and 6).
DISCUSSION
Postmenopausal osteoporosis is a complex and multifactorial process that accompanies aging. It is an important public health issue because it is associated with the increased incidence of characteristic fractures near the end of life, which is especially relevant in aging populations, particularly in industrialized societies. Our data seem to confirm that osteoporosis is an estrogen-dependent disease and that women who have had shorter fertile periods are more likely to develop the disease [4] . We observed a relationship between BMD and age at menarche, age at menopause, and overall reproductive life span. The average age of menarche was later in the group of osteoporotic patients, although this difference was not statistically significantly correlated with femoral neck BMD. The age of menopause was lower in the group with osteoporosis than in the other two groups. We also confirmed that the incidence of early menopause was higher among women with lower BMD. Wrist fractures occur between 45 and 65 years of age, vertebral fractures occur after age 70 years and hip fractures usually occur after 80 years [5] .
A balanced diet is important for bone development and maintenance, as well as for general health. Some populations, such as women over age 65, edentulous women, women with reduced appetites from any cause, or women who diet frequently or have eating disorders, may not consume adequate vitamins and minerals to maintain optimal bone mass. Older women who lose weight, purposely or not, run the risk of accelerated bone loss and a higher risk of hip fracture [6] . Lifestyle approaches alone may not be sufficient to prevent bone loss or reduce fracture risk, but they form the necessary foundation for pharmacologic approaches to the prevention or management of osteoporosis. In some cases, recommended lifestyle approaches may be sufficient. All postmenopausal women, regardless of their bone density or clinical risk factors for osteoporosis, should be encouraged to eat a balanced diet, obtain adequate calcium and vitamin D [7] .
The "Mediterranean diet" is part of a lifestyle based on the idealization of the eating patterns of Mediterranean countries, especially the eastern Mediterranean region. The main features of this diet are an emphasis on vegetables (fruits, vegetables, legumes, nuts, bread, and other cereals), the use of olive oil as the main fat, the consumption of poultry and fish rather than red meat and the regular consumption of wine in moderate amounts. The main benefits of this diet are the reduced consumption of animal fats, the increased consumption of fish, especially oily fish, which are rich in omega-3 fatty acids, and the high consumption of olive oil, which contains relatively low levels of saturated fat (7% to 8% of total calories). This diet usually promotes a total fat intake between 25% and just over 35% of total calories. The inclusion of wine in this diet is also beneficial because red wine contains anthocyanins. Finally, this diet is rich in antioxidant compounds due to the high daily intake of fresh fruit and vegetables [8] .
The Mediterranean diet has been associated with lower cardiovascular risk, lower total cholesterol [9] , lower incidence of stroke, lower endothelial dysfunction [10] , and a decrease in the incidence of metabolic diseases and an improvement in the severity of these diseases, such as diabetes mellitus [11] or metabolic syndrome [12] . Moreover, according to data from the NHANES III study [13] , BMD is negatively associated with the intake of saturated fat. Thus, a diet rich in omega-3 and omega-6 fatty acids has beneficial effects on bone mass and, moreover, is associated with decreased mortality due to cardiovascular disease.
Other authors have also noted the possibility that diet can affect bone strength. The pathophysiological basis of this relationship is unknown, although two possibilities have been hypothesized. First, certain foods are rich in vitamin D [14] and contain a high concentration of unsaturated fatty acids (omega-3, -6 or -9) [15] , along with some antioxidants [16] ; these substances could have a beneficial effect on bone mass in addition to their favorable cardiovascular effects. It is also known that BMD decreases with the increased intake of saturated fat contained in meat products.
Here, we found a dose-dependent relationship between the consumption of these foods and BMD. Following the EVOS study [17] , which highlighted the importance of diet, particularly dairy products, in preventing osteopo-rosis, other studies investigated the effects of other substances that are rich in vitamins and minerals with antioxidant and alkaline effects and showed that these foods are associated with the achievement of higher peak bone mass during adolescence and less rapid loss of bone density after menopause [18] [19] [20] .
Even though this study is limited by its observational nature, it is one of the few studies in which bone health has been linked to the Mediterranean diet. The study found a direct relationship between BMD and dietary factors such as the elevated consumption of fruits, vegetables and grains, the moderate intake of dairy products, fish and alcohol, and the low intake of red meat, in the context of the "Mediterranean" style of eating.
Although osteoporosis is a systemic disease, the pathophysiological mechanisms involved in its development may differ depending on the type of bone (i.e., trabecular vs cortical bone). Thus, the effects of specific environmental factors may also differ between trabecular and cortical bone. In this regard, we note that while certain dietary factors protect against osteoporosis in general, some factors only protect against spinal osteoporosis, e.g., the increased consumption of fruits, vegetables, fish, and dairy products; moderate consumption of alcohol; and low intake of red meat and tobacco. In contrast, cereal and vegetable intake was associated with higher BMD in both the spine and the femoral neck.
In conclusion, the epidemiological characteristics of our population of postmenopausal women exhibit a pattern similar to that described in other studies, showing a proportional relationship between the magnitude of the risk factor and the severity of osteopenia/osteoporosis. Moreover, we observed protective effects for several dietary factors, such as the consumption of fruits, vegetables, and cereals; the moderate consumption of fish, alcohol, and dairy products; and the low intake of red meat, on spinal BMD. Only the intake of grains and vegetables exerted protective effects on hip BMD.
